Abstract: A bimetallic cuprous complex was accidentally reported, during synthesis of a dinucleating spacer incorporating two 2-chloropyridine units through Sandmayer reaction. The product was characterized by elemental analysis, FAB-Mass, FT-IR, UV, magnetic susceptibility and 1 H-NMR spectroscopic method. A possible mechanism is also proposed.
Introduction
Synthesis of bidentate heterocyclic ligands containing pyridine nucleus with potential coordinating ability has drawn a lot of attention because of their fungicidal, antimicrobial and antibacterial properties 1 . In order to synthesize a novel spacer containing chloro group at ortho position to pyridine nitrogen, we have synthesized tetrazonium salt by diazotization of 5,5 ′ -methylenebis(2-aminopyridine). Thereafter Sandmayer reaction was applied to introduce chloro group, by evolving N 2 , in corresponding diazonium salt solution. Reaction is catalyzed with cuprous chloride salt 2 . Surprising results were obtained, when reaction is applied to tetrazonium salt solution of 5, 5 ′ -methylenebis(2-aminopyridine) 3 . It was observed that catalyst lost its identity by participating in reaction. Thus this communication presents our experience, which we observed during synthesis of a dinucleating spacer incorporating two 2-chloropyridine units.
Experimental
2-Aminopyridine (Himedia), formaldehyde (E. Merck), sodium nitrite (Himedia), cuprous chloride (E. Merck) was used as received. Hydrochloric acid, ethanol and routine solvent were used without further purification for synthesis purpose. FT-IR spectra were recorded in KBr pellets on shimadzu-8400 PC, FT-IR spectrophotometer.
1 H-NMR spectra were recorded in D 2 O on a Bruker DRX-300 NMR spectrometer. Elemental analyses (CHN) were performed on Elementra Vario EL III, Elemental analyzer. Electronic absorption spectra were recorded with shimadzu-1700, UV spectrophotometer equipped with a PC. Conductivity measurements were carried out at 25 ºC on an EI-181 conductivity bridge with a dipping type cell. FAB-Mass spectra were recorded on Jeol SX-102 Mass spectrometer using NBA as matrix. The whole experimental procedure was completed in three steps.
In first step, 5,5'-methylenebis(2-aminopyridine) was prepared according to method of Pradeep et al. 3
To solution of 2-aminopyridine, (0.9412 g, 0.01 mol) in water (25 mL), formaldehyde, (0.14 mL, 0.005 mol) was added slowly with constant stirring for 2 h. A white cream solid was precipitated, which was filtered, washed with water, dried in vacuum and recrystallized from ethanol. 
Results and Discussion
Empirical formula of the resultant product was in conformity with elemental analysis. Molecular weight was also confirmed with FAB-Mass spectrometric study, where (M+H) + peak was observed (Figure 1 ). The high molecular conductance was recorded in water, indicated ionic nature of product 4 . In FT-IR spectra, three new bands appeared in region 518-312 cm -1 , are due to Cu-O, Cu-N and Cu-Cl bands, respectively 5, 6 . Two sharp peaks observed at 851 and 765 cm -1 are due to rocking mode of coordinated water molecule 7 . A new sharp band appeared at 1104 cm -1 , assigned for ν(C-Cl) stretching vibration. Two bands observed at 2873 and 2847 cm -1 , assigned for -CH 2 stretching mode 8 . Four sharp signals observed in between 1609-1430 cm -1 , assigned for cyclic C=C and C=N in ligand. Product displays positive shifts by ~30 cm -1 and also found less intense than ligand spectra, indicating that both metal centers are in symmetrically coordination with pyridine nitrogen 9 . In UV region, L→M charge transfer band (MLCT) appeared at 297 and 230 nm, also support our view 10 . Figure 1 . FAB-Mass spectra of cuprous product.
Oxidation state of copper in complex depends on the kind of reaction and working conditions. In neutral or alkaline solutions, Cu(II) complexes exist; while in warm acidic solution copper exist as cuprous ion. Thus acidity of solution is an important factor to catalyze redox reaction 10 . The absence of band around 360 nm, which is characteristic for dimeric Cu(II) complex, also supports the presence of Cu(I) in product 11 . In the 1 H-NMR spectra of the product (Figure 2 ), singlet at δ2.85 ppm was assigned for two methylenic protons and multiplet in range δ7.76-6.63 ppm, was assigned for six hetero aromatic protons. However the singlet observed at δ4.82 ppm; indicating same environment of protons for all the coordinated water molecule 8 .
Figure 2.
1 H-NMR spectra of cuprous product.
It was interesting to see that Color of product becomes brown in solid state, probably due to inter conversion of Cu(I) to Cu(II), which was also supported by magnetic susceptibility measurements. We suggest that in solution copper exist in +1 oxidation state with trigonal planar geometry 10 and in solid state copper exist in +2 oxidation state with square planar geometry. Its inter conversion between these two structure may be represented as (Figure 3 
Conclusion
Thus on the basis of above evidences it can be concluded that in this case during Sandmayer reaction, Cu + ion (of catalyst CuCl), was regenerated at the end of reaction and probably trapped by hetero aromatic Lewis base moiety. Therefore, catalyst lost its identity and we fails to achieve the synthesis of desired spacer. Thus, the more probable structure and mechanism 12 , of product was suggested. (Figure 4 
